http://dx.doi.org/10.4070/kcj.2016.46.6.774 www.e-kcj.org Evidence: B). 3) This recommendation is based on reports of studies suggesting that multivessel PCI is superior to culprit vessel only PCI in terms of repeat revascularization. [5] [6] [7] [8] However, there is still uncertainty as to whether non-culprit lesions should be treated at the time of culprit-lesion PCI for NSTE-ACS. 3) In the present study, we sought to examine clinical outcomes of "one-time" versus staged multivessel stenting in intermediate to very high-risk NSTE-ACS patients with MVD.
Subjects and Methods

Study population
Between November 2008 and November 2012, a total of 12047 unselected patients who had undergone a PCI were prospectively registered in the PCI database of General Hospital of Shenyang Military Region. The database contained comprehensive information including clinical and angiographic characteristics, treatment strategies and clinical outcomes. Eligible patients had at least one intermediate to very high risk criteria with indication for invasive management defined by the 2015 European Society of Cardiology (ESC) guidelines for the management of NSTE-ACS 2) ; 3 types of very high-risk criteria include recurrent or ongoing chest pain refractory to medical treatment, and recurrent dynamic ST-T wave changes particularly with intermittent ST-elevation and acute heart failure; 3 types of high-risk criteria include rise or fall in cardiac troponin compatible with myocardial infarction (MI), dynamic ST-or T-wave changes and Global Registry of Acute Coronary Events (GRACE) score >140; 7 intermediate-risk criteria include diabetes mellitus, renal insufficiency (Estimated glomerular filtration rate [eGFR] < 60 mL/min/1.73 m 2 ), left ventricular ejection fraction (LVEF) <40% or congestive heart failure, early post-infarction angina, prior PCI, prior coronary artery bypass graft (CABG) and GRACE risk score>109 and <140. Exclusion criteria were patients who had chronic total occlusion; patients who had procedural failure (i.e., technical failure), including staged PCI patients who had procedural failure during the index PCI and scheduled for staging; patients who had cardiac shock, haemodynamic instability, mechanical complications of MI or malignant ventricular arrhythmia; patients who had renal dialysis or a eGFR <30 mL/min/1.73 m 2 ; staged PCI patients who had any major complication during the index procedure; patients who had a planned staged PCI >60 days. Our final population included 1531 patients from the database having NSTE-ACS with multivessel PCI (Fig. 1) .
Treatment
All patients were given oral loading doses of aspirin (300 mg) and clopidogrel (300-600 mg) prior to PCI, unless they had already received antiplatelet medication. Interventional procedures were performed according to standard techniques and interventional strategies rested on the operators. The choice between complete or incomplete revascularization was also at operators' discretion. The culprit lesion was identified by operators usually based on each patient's electrocardiogram, angiographic imaging, echocardiogram and, if available, intravascular ultrasound (IVUS) and optical coherence tomography (OCT). A lesion was considered a culprit on angiography if at least two of the following morphological features suggestive of acute plaque rupture were present: intraluminal filling defects consistent with thrombus, plaque ulceration, plaque irregularity, dissection or impaired flow.
2)9-11) After the procedure, the use of aspirin lifelong was advised and clopidogrel was prescribed for 12 months. The study was approved by the hospital ethics committee and all patients gave written informed consent.
Follow-up
Clinical follow-up was performed via telephone or at an outpatient visit at 30 days, 6 months, and 12 months after the index procedure and annually until 3 years after the index procedure. Follow-up angiography was recommended to all patients 6 to 12 months after the index procedure, and repeat revascularization was performed, if clinically indicated. Outcomes and definitions The primary outcome was the incidence of major adverse cardiac events (MACE), defined as the composite of cardiac death, MI and target vessel revascularization (TVR) during 3-year follow-up. Secondary outcomes included MACE components, the composite of cardiac death or MI, definite/probable stent thrombosis, and any repeat revascularization.
MVD was defined as the presence of a significant atherosclerotic coronary artery stenosis (≥70% diameter stenosis) or a ≥50% stenosis of the left main coronary artery (left main disease) with additional significant stenosis (≥70% diameter stenosis) of at least one other coronary artery assessed visually during coronary angiography. 12) Staged PCI is defined as the planned PCI of non-infarct vessel(s) within 60 days of the index PCI. eGFR was calculated from serum creatinine (sCr) concentrations using the modified glomerular filtration rate estimating the equation for Chinese patients with chronic kidney disease: eGFR (mL/ min/1.73 m 2 )=175×(sCr) -1.234 ×(age) -0.179 ×(0.79 if patient is female).
13)
Anemia was defined as hemoglobin less than 12 g/dL for men or less than 11 g/dL for women. 14) Early invasive intervention was defined as a coronary angiography performed within 24 h of hospital admission.
2) Delayed invasive intervention was defined as a coronary angiography performed more than 24 h of hospital admission. Technical success was defined as the ability to cross an occluded or stenosed segment and successfully open the artery (restoration of thrombolysis in myocardial infarction [TIMI] flow grade 3) with a residual stenosis ≤30% by visual analysis. Cardiac death was defined as death that could not be attributed to a noncardiac etiology. MI was defined as third universal definition of MI presented by The Third Global MI Task Force. 15) TVR was determined as any repeated PCI or CABG to treat a previously stented vessel. Complete revascularization was defined when no visually estimated stenosis ≥50% for the left main and no stenosis ≥70% for other major arteries and/or their major branches at discharge. Stent thrombosis was classified as definite and probable according to definitions proposed by the Academic Research Consortium. 
Statistical analysis
Continuous variables were expressed as mean±standard deviation (SD), and categorical variables were expressed as number and/or percentages. For group comparisons, Pearson chi-square test or Fisher's exact test was used for categorical variables. Student's unpaired t-test or the Mann-Whitney rank-sum test, as appropriate, was used for continuous variables. To minimize the influence of confounders on outcome, we used propensity score matching analysis. Patients who underwent staged PCI were matched in a 1:1 ratio with patients who underwent a "onetime" PCI using the nearest neighbor matching, which were based on all available variables listed in Tables 1 and 2 except GRACE Score, IVUS used, OCT used, contrast volume, length of hospital, medication at discharge and dual antiplatelet therapy (DAPT) duration. A difference of <10% was regarded as acceptable. Time to event data with estimated event rates calculated by Kaplan- Medications at discharge were similar between both groups. Most patients took dual antiplatelet therapy (DAPT), which was consistent with the standard recommendation. After propensity matching, there were no statistically significant differences in preselected variables between the two groups.
Clinical outcomes of unadjusted populations
As noted in Table 3 , Fig. 2A and Fig. 3A , MACE occurred in 132 patients (20.8%) in the staged group and 162 patients (19.7%) in the "one-time" group during 3-year follow-up (p=0.608). Rates of each component of 3-year cumulative MACE were similar between both groups. The estimated 3-year composite rate of cardiac death or MI was 7.1% in the staged PCI group compared with 9.1% in (Tables 3 and 4 , Fig. 2C and Fig. 3C ), no significant differences in terms of MACE, its individual components, any revascularization and definite/probable stent thrombosis were observed at the landmark period of 0 to 90 days and 90 days to 3 years.
Clinical outcomes of propensity score-matched populations
After generating a propensity score, 420 of the 672 patients who underwent staged PCI were matched with a patient, respectively, who underwent a "one-time" PCI. There were no differences in preselected variables for the propensity matched subjects (Table 1, 2). As noted in Table 3 , Fig. 2B and Fig. 3B , at 3 years, there were no differences in MACE (18.9% vs. 21.8%, p=0.249); whereas there was a significantly lower incidence of cardiac death or MI (7.0% vs. 11.1%, p=0.033). The risk for cardiac death in the staged PCI group tended to be lower (2.5% vs. 4.8%, p=0.067). Other clinical outcomes including MI (5.0% vs. 7.7%, p=0.162), TVR (14.9% vs. 14.5%, p=0.971), any revascularization (20.3% vs. 20.4%, p=0.888), and definite/probable stent thrombosis (1.2% vs. 2.2%, p=0.280) were not significantly different between the two study groups.
The results of the 90-day landmark analysis for propensity score matched patients were shown in Tables 3 and 4 , Fig. 2D and Fig. 3D . 
discussion
To our knowledge, this is the first study to examine the efficacy of staged versus "one-time" approach in intermediate to very highrisk NSTE-ACS patients with multivessel PCI. Main findings of this study were as follow: in intermediate to very high-risk NSTE-ACS patients with multivessel disease, staged PCI was associated with a lower composite rate of cardiac death or MI compared with "onetime" PCI strategy. This benefit of staged PCI was more apparent in the early period after procedures, rather than middle-late period.
Clinicians are often faced with the decision of whether to treat the nonculprit lesions during the index procedure or to treat it at a later time. 17) Hannan et al. compared the "one-time" complete revascularization in the index admission versus PCI of the culprit lesion only with staged non-culprit PCI for complete revascularization in a subsequent admission among patients with NSTE-ACS and MVD. 18 ) At 3 years, no significant difference in allcause mortality was observed between the two groups. However, the staged PCI group did not include the patients who underwent a staged intervention during the same hospitalization. Furthermore, it is yet unknown whether it was different in all-cause mortality between the two groups after exclusions of low risk patients.
In the current observational study, the superiority of staged PCI strategy over "one-time" PCI strategy in terms of the composite of cardiac death or MI was presented, especially in the early period after PCI. There are some potential pitfalls of "one-time" multivessel PCI approach. First, NSTE-ACS patients are in a heightened thrombotic and inflammatory state. [19] [20] [21] [22] "One-time" multivessel PCI can lead to prolongation of procedure time, exposure to a higher radiation dose 23) and larger volume of contrast agents during the index procedure compared to staged revascularization. This may result in an increased number of complications such as periprocedural MI or acute kidney injury as well as stent thrombosis. 24 Risk stratification is essential for the clinical decision-making process in NSTE-ACS patients. With respect to outcomes, periprocedural complications of intervention, as well as the long-term ischemic risk, remain higher in high/intermediate risk NSTE-ACS than in lowrisk NSTE-ACS patients. [26] [27] [28] [29] [30] When choosing the optimal treatment strategy in the individual patient with NSTE-ACS and MVD, general patient condition and concomitant comorbidities have to be taken into account. However, the optimal strategy for the management of NSTE-ACS patients with poor clinical presentation and multivessel disease has not been well established. Therefore, our patient inclusion criteria, which were based on ESC guidelines, selected NSTE-ACS patients with intermediate-to very high-risk features.
Our study had several limitations. First, this was a retrospective analysis from a prospective single center registry. The decisions for one-time vs. staged PCI were not based on a randomization but at physicians' discretion, which resulted in obvious confounding and selection bias. Although we analyzed by adjusting many possible confounding factors, unmeasured confounding or selection bias might have influenced our findings. Second, in this study, all patients underwent PCI in the setting of antiplatelet therapy with clopidogrel. When the new antiplatelet agent ticagrelor is available, this finding deserves further investigation. Third, the relatively high frequency of angiography during the period between 6 to 12 months after the procedure could bias the MACE, especially TVR. However, this bias was limited, because the two groups had similar frequencies of follow-up angiography and because repeat intervention was guided by either recurrent angina or signs of ischemia that had progressed angiographically, even without angina based on invasive or noninvasive testing. Fourth, our data were collected before current practice guidelines 2) were published. Therefore, timing of invasive strategies were not run according to current guidelines. Fifth, given the low absolute number of events at 90-day follow up in the propensity score matched cohort, our study was not powered to detect significant differences in cardiac death, MI, TVR and stent thrombosis at 90 days. Last, considering follow-up angiography and routine cardiac biomarkers surveillance was not mandatory, therefore the incidence of MI might have been underestimated.
Conclusion
In intermediate to very high-risk NSTE-ACS patients with multivessel disease, staged PCI is superior to "one-time" PCI in terms of the composite of cardiac death or MI. Our findings require further confirmation by randomized trial.
